Abstract-There are a lot of intensive researches on handwritten character recognition (HCR) for almost past four decades. The research has been done on some of popular scripts such as Roman, Arabic, Chinese and Indian. In this paper we present a review on HCR work on the four popular scripts. We have summarized most of the published paper from 2005 to recent and also analyzed the various methods in creating a robust HCR system. We also added some future direction of research on HCR.
INTRODUCTION
Handwritten Character Recognition (HCR) is an automation process and can improve the interface between man and machine in a lot of applications. Generally, handwritten character recognition is classified into two types which are offline and online handwritten character recognition methods. In the offline recognition, the writing is usually captured optically by a scanner and the completed writing is available as an image. But, in the on-line system the two dimensional coordinates of successive points are represented as a function of time and the order of strokes made by the writer are also available [1, 2] . HCR system is a very complex and challenging problems because of variability on size, writing style of hand-printed characters, and duplicate pixels caused by a hesitation in writing or interpolate non-adjacent consecutive pixels caused by fast writing [3] .
Some practical applications of HCR systems are: processing cheques without human involvement, reading aid for the blind, automatic text entry into the computer for desktop publication, library cataloguing, health care, and ledgering, automatic reading of city names and addresses for postal mail, document data compression, natural language and processing investigation forms or the automatic reading of postal addresses [4, 5] .
Generally, in HCR system consists three stages which are pre-processing, feature extraction and classification. The first step of processing usually consists of image enhancement and converting the grey level image to binary image as required in image pre-processing. After converting image from the gray-scale image to binary format, the thresholding technique is used to separate the useful front pixels from the background pixels. Noise reduction is performed before or after binarization, which identifies and corrects the noise pixels. These sorts of techniques are based on image filtering theory and mathematical morphology. Furthermore, a normalization step normalizes the handwriting sample images from varied stroke width. The methods generally apply to binary images and normalize the strokes width to single pixel thickness. Noise is a term that normally used for non information-bearing variability that is introduced by one or more physical processes, such as scanning, faxing, writing style, presence or absence of ruled lines, crumpling and folding. This is usually happened in off-line HCR system. The goal of pre-processing is to minimize noise before the image is further processed to next stage which is extracting the features. Feature extraction plays an important role in handwriting recognition. In HCR process, a text image must be either processed by feature extraction after image pre-processing. The selected features will be the inputs for classifier and perform matching. Features are the information passed to the classifier such as pixels, shape data or mathematical properties. Classifier is used to rate the efficiency of the system. This paper is divided to four sections. Section I describes introduction. Section II describes related work on HCR system Roman, Arabic, Chinese and Indian scripts. Section III describes related work on HCR system includes pre-processing, feature extraction and classification. Section IV shows conclusion of the whole content. There are some papers that discussed about Freeman Chain Code (FCC) in extracting the character features. The table below are discussing some papers that used FCC in their system. There are two directions of chain code, namely 8-neighborhood and 4-neighborhood. 
B. Arabic Handwritten Character and Numeral Recognition

C. Chinese Handwritten Character and Numeral Recognition
D. Indian Handwritten Character and Numeral Recognition
E. SUMMARY OF APPROACHES
The most common approaches in recognizer system are Hidden Markov Models (HMMs), Artificial Neural Networks (ANNs) and Support Vector Machine (SVM). But, some of combined or multiple classifier showed excellent result. Variety of techniques in feature extraction has been discussed and it shows that type of scripts also influence the accuracy. Example in one of Indian scripts which is Gurmukhi [49] , was having problem in the physical of the character itself that made their accuracy low. Arabic and Chinese scripts also have their own difficulties in extracting features. In Arabic, the dots on, below and in between of the characters gave a lot of challenges to the researchers to solve it while Chinese characters have a lot of strokes that differs between one writer to another. Last but not least, Roman characters also have their own physicality. Slant handwriting is very difficult to recognize that needs proper pre-processing stage to correct it before extracting the features. Continuous writing needs segmentation to isolate the characters.
F. CONCLUSION
In this paper, we have reported various works on HCR systems in four popular scripts which are Roman, Arabic, Chinese and Indian. We have organized the review according to the type of the scripts. We have reported the research trends, discussed the techniques being used in the modern HCR systems, and the difficulties occurred in the researches. Besides, the accuracy and future work also discussed in this paper.
